The decreasing values of the surface tension of serum and serum solutions may be considered a function of the rate of adsorption of serum constituents in the surface layer.s 2 The purpose of the present paper is to describe a new technique and with its aid to elucidate certain points which could not be thoroughly investigated in the first paper of this series,' on account of the relatively crude method used at that time.
The decreasing values of the surface tension of serum and serum solutions may be considered a function of the rate of adsorption of serum constituents in the surface layer.s 2 The purpose of the present paper is to describe a new technique and with its aid to elucidate certain points which could not be thoroughly investigated in the first paper of this series,' on account of the relatively crude method used at that time.
I.

Technique.
The technique previously used consisted of the following.
The solution was poured into the watch-glass and stirred with a small glass rod. As soon as possible afterwards, the table supporting the watch-glass on the du Notiy tensiometer was raised, the surface of the liquid was brought into contact with the platinum ring, and the reading was immediately taken by means of the torsion wire. The whole operation lasted approximately 20 seconds. Then, the table supporting the solution was lowered slightly, the platinum ring was washed, flamed, put back in place, and 2 or more minutes, according to the nature of the experiment, were allowed to elapse. At the end of the allotted time, the same procedure was followed except, of course, that the solution was not stirred, and that great care was taken not to disturb the surface of the liquid in establishing the contact with the platinum ring. The reading was made carefully, and the operations were repeated as many times as necessary to obtain the various values of the surface tension of the solution in function of the time over a period of, say, 2 hours. 1 du Noiy, P. L., J. Exp. Med., 1922, xxxv, 575. 2 du Noiiy, P. L., J. Exp. Med., 1922, xxxv, 707. 663 Obviously, there were three serious causes of error in this technique.
The first was due to the fact that the same solution was Used in all measurements. Its surface was disturbed every time a measurement was made and consequently the successive measurements did not exactly express what the value of the surface tension would have been had the surface not been disturbed by the preceding measurement, made only 2 minutes previously. The second was involved in making a measurement, the surface of the liquid being then so much distorted that it was by no means certain whether this did not change the state of the surface layer and render the condition of rupture quite different from that which would have obtained on an undisturbed surface. The distortion may have increased the distance between the adsorbed molecules, and this so rapidly that there was no time to reach an equilibrium before the film was torn. The third cause of error was the personal coefficient: the value of the reading might be different according to the rate at which the surface film was stretched by the individual performing the test.
In order to avoid these errors, a new technique was developed.
Clean standard watch-glasses (standard means having the same radius of curvature) were prepared in a number equal to the number of measurements to be performed, and enough solution was made to fill every one with 2 cc. of liquid. Suppose 10 determinations are to be made, and the watch-glasses are numbered 1 to 10. No. 1 is filled with the solution while on the table of the instrument, so that the measurement may be taken immediately after the liquid is poured in. The reading of this initial value is, for example, 73 dynes (solution of serum at 1/10,000). Then, Watch-Glass 1 is removed, No. 2 is placed on the table, and filled. The platinum ring is brought into contact with the liquid, and immediately the torsion of the wire is increased by means of the knob, exactly as though a measurement were to be made. However, instead of working the vernier up to the breaking point, 73 dynes, it is stopped at 72 dynes and left there. Consequently, the surface of the liquid is raised, but thereafter an opportunity is afforded for the surface layer to come to an equilibrium, as it is known that, at the moment, it can break only at 73 dynes. As soon as this is done, a stop-watch is set going, and the instrument left by itself. Adsorption in the surface layer takes place normally, reducing the surface tension progressively. As soon as it has fallen slightly below 72 dynes (less than 72-0.05 dynes), the film breaks, being stretched out by more than an equivalent force (72 dynes) and the time is read on the stop-watch. Some automatic electric recording device, such as that shown in Text- fig. 1 , may be used instead. By this method the time necessary to reduce the surface tension of the solution by any chosen amount is obtained with great accuracy, the previous causes of error being eliminated. Since the drop in the value of the surface tension is due to the adsorption of molecules from the bulk, the rate at which the surface tension decreases is a function of the adsorption and may be considered as a measure of it. By this technique, curves were obtained which exhibited a greater degree of regularity and smoothness and could be duplicated very satisfactorily. On the whole, they checked with our previous results. The new precision direct reading tensiometers (made by the Central Scientific Company, Chicago), which were used, are quite sensitive. It happens often that a film will not break for TEXT-FIG. 1. Set-up of the electrical connection of the tensiometer to the kymograph. The current provided by the two dry cells E passes through the tensiometer and the torsion wire. When the film breaks, the lever is released, and the end a of the clamp A hits against the wire b. This establishes the electric contact which energizes the magnetic recorder and leaves a mark on the drum. T is the time recorder. K is the kymograph. B supports the wire b.
2 hours, at 55 dynes, for example, when the static value has been reached, while it will break immediately if the tension is raised to 55.1 dynes. In this way, the changes in surface tension can be followed to within 1/10 of a dyne.
Two tensiometers were used at the same time so as to have a permanent control. The setting of the apparatus and the diagrammatic arrangement of the electric contacts are shown in Text- fig. 1 . Needless to say, extreme care was taken in the preparation of the solutions, and standard volumetric flasks and standard pipettes were used exclusively. The watch-glasses were always calibrated with a spherometer (reading -7.0 to -7.7), or else Petri dishes were used. All the glassware was cleaned in the usual manner.a RESULTS.
The results of two sets of experiments are given in Text-figs. 2 and 3. Normal rabbit serum was used. As stated above, the rate at which the surface tension decreases in function of the time is a function of the rate of adsorption. At high dilutions the rate of adsorption is low enough to permit the measurement of the surface tension of the solution before the adsorbed molecules have had time to decrease it at all. The readings are identical with those of pure saline solution. Under such conditions, the phenomenon of the decrease of surface tension can be studied closely, step by step, from the very beginning.
At low dilutions the molecules are so close to the surface and so numerous that, no matter how rapidly the first measurement is made (within 0.1 second, for example), it is impossible to obtain the value of the surface tension before it has been substantially lowered by the solute. In other words, the rate of adsorption, or number of molecules adsorbed in the surface in a given time dt, is very high. In general, it may be said that beyond 1/10,000, one can always measure a value of the surface tension identical with, or very close to, that of pure saline, that is, study the phenomenon from the beginning; beyond 1/10,000 and up to 1/2,000, it happens sometimes that this value is observed, but it depends on the nature of the serum. Below 1/2,000, it proved impossible to obtain such high initial values, although we succeeded in measuring the surface tension less than 1/10 of a second after the liquid had been stirred, by means of the platinum ring itself, in the watch-glass. This explains why at high concentrations the initial value is always low: because the rate of adsorption is considerable; or in other words, because the time required to lower the surface tension of the solvent by 1 dyne is exceedingly small. In the course of this paper, it will be shown that . of the time. In this case, the delay in the drop at 1/20,000 can be observed at 1/10,000, although it is not as marked as at 1/20,000.
It is possible to obtain a crude idea of the rate of adsorption of the serum constituents in the surface layer at high concentrations by assuming that this rate is proportional to the reciprocal of the tangent of the angle formed by the intersection of the axis of ordinates, and 0 LUD ILV Min.
VS the tangent to the curve at that point (Text- fig. 2, AB) . By plotting these values for different concentrations on logarithmic paper, the curves of Text- fig. 4 were obtained. It will be seen that, in this case, at a dilution of 1/10,000 a complete change in direction occurs.
This critical value marks a distinction between two kinds of surface layers: that which contains more molecules than necessary to form a monolayer (from pure serum up to 1/10,000), and that which contains less (from 1/10,000 up). In cases of the first sort, the concentration is such that the surface tension of water falls very rapidly from its normal value, say 73 dynes, to a low value, so that this low value only can be measured; in the second case, the volume of liquid being the same but the number of molecules being smaller, their distance from the surface is greater, and they require appreciable time to wander to it; hence, the high surface tension. In both cases, these values have been called "initial value." But it is clear that in the case of high concentration, this "initial value" is not that of the solution at the beginning of the adsorption, but that of the surface layer already packed with molecules of the solute. Hence, only the left part of the curve (from 1/10,000 to 1/30,000) can be considered as expressing the "rate of adsorption" at the beginning of the phenomenon. Consequently, if this curve be extrapolated, its intersection with the ordinates corresponding to concentrations 10 -3 , 10-2, etc., will give an approximate value of the initial rate of adsorption of these concentrations. Let this rate be expressed conventionally as the time required to lower the surface tension of the solution by 1 dyne. At 1/10,000, in the present case, it is equal to 1 minute, and to 7 minutes at 1/20,000. At 1/1,000, the extrapolation gives 5 X 10-6 seconds, or 1/50,000 of a second, and 1 billionth of a second at 1/100. Of course these figures are very roughly approximate, as the equation of the curve is itself empirical and only approximate. However, they explain why the "initial values" of the surface tension of serum solutions at 10 -, 10-2, and 10-' are always low. The phenomenon of adsorption starts at a surface tension of 73 dynes in all cases, but in those in which the dilution is 1/1,000 or less, the drop is so rapid that the curve which represents it coincides with the axis of ordinates from 73 dynes to the so called "initial value." At a certain dilution, namely that which is capable of building up a monolayer (around 1/10,000), the initial value of the surface tension is always that of water, or slightly below this value. At a higher dilution, 1/20,000 for example, in the case of serum diluted with saline solution, the initial value is usually higher, owing to the presence of the salt NaCI. The decrease of the surface tension in instances of the latter sort, instead of beginning as soon as the liquid is poured into the watch-glasses, is delayed, and the tension stays constant for some time when suddenly the decrease begins. This can be explained readily on the basis that a given minimum number of molecules in the surface layer is required in order that the surface tension of the water be lowered by a measurable quantity. As long as the number of adsorbed molecules or groups of molecules is small, they can be considered as floating at the surface and, since no contact exists between them, the stress of the water film is little affected. However, as soon as they cover the whole surface, the drop in surface tension can be measured. As will be seen on the chart, the time necessary to reach this critical moment varies in different experiments. This may be due to differences in the homogeneity of the solution in the watch-glasses.
It is by no means certain that the adsorbed layer only affects the surface tension of water when it is continuous. Instead, very probably, it forms a sort of mesh which becomes more and more solid as time elapses, until the bottom value of the surface tension, characteristic of the concentration 1/20,000, is reached. Even when the equilibrium is established, it is probable that the layer of adsorbed molecules is not continuous. It is known that a monolayer of oriented molecules occurs around 1/10,000.24 As a 1/20,000 solution is dealt with here, it is possible that even horizontal molecules would not cover the whole surface of adsorption. However, if It is supposed that the adsorbed layer is a continuous monolayer after 2 hours, there can be no doubt that, at the beginning of the adsorption curve, that is to say, when the action of the adsorbed molecules on the surface tension of water begins to be measurable (Text- fig. 3 ) the adsorbed layer is not a continuous monolayer. Consequently, when molecules are in solution, in contrast to their behavior when they are not in solution, 5 they materially lower the surface tension of water long before they have reached the stage of an organized monolayer.
SURFACE TENSION OF SERUM. XII SUMMARY.
A technique is described for the study of the adsorption in function of the time of molecules of colloidal substances in the surface layer of water. This technique eliminates previous causes of error, in particular the individual coefficient.
The curves obtained by plotting the data for serum at various dilutions give a clear picture of the phenomenon, and show that the low values of the initial surface tension of pure serum and serum at low dilutions are due to the extreme rapidity of adsorption of the molecules in the surface layer, owing to their high concentration.
Evidence is given that colloidal substances in solution substantially lower the surface tension of the solvent, even when they are in too small a number to form an homogeneous monolayer.
